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Infection Studies with Watermelon Wilt Caused by 
Fusarium niveum EFS. 
By D. R. PORTER 
AGRICULTURAL EXPERIMENT STATION 
IOWA STATE COLLEGE OF AGRICUIHURE 
AND MECHANIC ARTS 
BOTANY AND PLANT PATHOLOGY SECTION 
AMES, IOWA 
SUMMARY 
Watermelon wilt, caused by Fusarium niveton, is a serious 
disease in Iowa and in many other sections of the United States. 
The present Iowa acreage is less than 10 percent of the acreage 
before wilt became a factor. 
Three heretofore undescribed seedling symptoms are described. 
These are : seedling rot, damping off and stunting. 
The organism may cause lesions on any of the roots. These 
are at first water-logged and become discolored in advanced 
stages. The lesions vary in length from a trace to 28 centimeters. 
Infection may be induced thru the use of infested soil, by 
means of spore suspensions of the organism injected with a hypo-
dermic needle into the hypocotyl and by the insertion of the my-
celium into wounds. 
It is probable that the organism enters the host thru root hairs, 
root injuries and thru the epidermis of the hypocotyl. 
Fnsm'itLm nivewrit has been recovered from primary, secondary 
and tertiary roots, from stems, petioles, leaves, peduncles, melon 
flesh and seeds of infected plants. 
The organism has also been recovered from and observed in 
the vascular tissues of what appeared to be normal, healthy 
plants. 
The organism flourishes at high temperatures. Its optimum 
on potato dextrose falls between 24 and 32°C., the minimum be · 
low 12°C. and the maximum above 35 °C. 
The org'anism flourishes on acid media, the optimum falls be-
tween pH 4.6 and 6.0 and the minimum below 3.0. 
With proper technique, seedling susceptibility in the green-
honse gives a good index of the susceptibility to be expected in 
the field. 
Infection Studies with Watermelon Wilt Caused by 
F usarium niveum EFS. 
By D. R. PORTER* 
Watermelon wilt has been known since 1894, but the problem 
of infection is still unsolved, and the interdependence of infec-
tion, environmental conditions and host relationships is not well 
understood. Smith (18 ) in 1894 showed that watermelon wilt 
was caused by FttSa1·ittrn nivettm EFS., a vascular parasite which 
entered the plant from infested soil. The following year he 
(19) found macroconidia and chlamydospores, to which he re-
ferred as external conidia. In 1899 he (21) gave an excellent 
report of the morphology, vitality, longevity, pathogenicity and 
dissemination of the fungus, a description of some of the seed-
ling and field symptoms and an account of the relation of the 
fungus to the host. 
Since the publication of Smith 's investigations Orton (11 ) , 
(12 ) , (13 ) , (14), (15 ) and Taubenhaus (23 ) have contributed 
to our knowledge of watermelon wilt. Orton's work relates 
chiefly to the development of resistant strains. He developed 
the Conqueror, a wilt resistant strain resulting from a cross 
between the stock citron and the susceptible commercial variety 
Eden. Unfortunately this strain has not proven sufficiently fixed 
as to type and resistance to find a place in practice. Taubenhaus 
(23) working in Texas was able to show that the organism is 
widely distributed at different depths in the soil, that it spreads 
more rapidly in soil where manure is used than where commer-
cial fertilizer is applied, and that there is evidence that the pa-
thogen is more active during warm than cool seasons. 
In connection with studies started four years ago at this sta-
tion on the development of resistant strains, it was soon learned 
that further work was necessary on infection phenomena before 
resistance or susceptibility could be accurately measured. 
Intensive investigations have been carried on since March, 
1926, in the field and laboratory at Conesville, Muscatine County, 
Iowa, during the summer and in the plant pathological labora-
tories of the Iowa Station at Ames during the winter. 
The purpose of this preliminary paper is: (1 ) to record 
studies relating to conditions surrounding infection, (2 ) to de-
scribe more fully the symptoms produced, (3 ) to point out some 
methods of infection and (4 ) to indicate the response of the 
host to the attack of the parasite. 
"The writer wis hes t o express his indebtedness to Drs. I. E. Melhus and J . C. ·GiI-
man for critical reading of the manuscript, and to Dr. Melhus for the definition of 
the problem and for helpful criticism and s uggestions given thruout the course of 
these investigations. 
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HISTORY OF rl'HE DISEASE IN IOWA 
Smith (18) in 1894 reported the prevalence of watermelon 
wilt in the southern part of the United States. In 1897 he (20) 
reported that the wilt disease was prevalent from South Caro-
lina to Texas and was the most serious disease with which water-
melon growers had to contend. 
Watermelon wilt is apparently a disease of long standing in 
Iowa. It is quite generally believed by the older growers, some 
of whom have been growing watermelons in Iowa for over 50 
years, that the disease was present in Iowa before 1900. 
Altho there is no way of ascertaining absolutely the exact 
date that this disease was introduced into Iowa, the carlot ship-
ments have continually fallen off since about 1915. 
Since this disease became serious in the Muscatine and Cones-
ville sections the annual production has never been more than 
half of what it was before the introduction of watermelon wilt. 
The acreage in 1900 was about 8,000. In 1926 it was 641. 
Carlot shipments of watermelons from the three most im-
portant watermelon growing counties in 1924 and 1926 were 
14 and 5 percent, respectively, of those from the same territory 
in 1921. This decline may be charged, mostly, to wilt. 
In addition to the decline in acreage and carlot shipments, 
another form of loss has resulted. While the watermelon acreage 
has fallen rapidly since the introduction of wilt, much of the 
acreage on Muscatine Island once devoted to watermelons is no 
longer under cultivation. The same is true of a large acreage 
near Nichols and Conesville. Much of this land is adapted only 
to the production of such crops as watermelons, sweet potatoes 
and cantaloupes, but the abandoned acreage is much too large 
to be devoted either to sweet potatoes or cantaloupes under pres-
ent conditions and, as a result, many fields lie fallow. Fields 
that once produced good crops of melons have been idle for 16 
years. The land values have dropped materially and the water-
melon section has lost its air of prosperity, a condition that may 
be directly charged to watermelon wilt. 
SYMPTOMS ON SEEDLINGS 
One symptom of seedling infection was first described by 
Smith (20), who, by infesting soil with a pure culture of Fn-
sa1'i'II1rI. nivem1t, was able to induce wilting of over 500 seedlings. 
He pictures the most common seedling symptom, characterized 
by drooping of the cotyledons. This symptom was also noted 
by Taubenhaus (23) and Orton (15). Additional symptoms in 
the order of their appearance are seedling rot, damping off and 
stunting, which commonly appear under greenhouse conditions, 
altho not so often as the drooping of the cotyledons. 
349 
SEEDLING ROT 
Seedling rot is typically a rot of the hypocotyl, which kills 
the seedling shortly after germination and before it emerges from 
the soil. This rot was first observed in a series of experiments 
in which seed had been planted in artificially infested soil. 
Altho seed from the same lot planted in steam sterilized soil 
produced a perfect stand, that ~lanted in the artificially in-
fested soil seldom produced over a 20 percent stand and, in some 
of the pots, the stand was nil. In such cases examination of 
the seeds showed that practically everyone had germinated in 
the infested soil, but that the root and hypocotyl had become 
discolored. This discoloration in the early stages was purely 
external, the epidermis being rotted or the secondary roots being 
destroyed. As the fungus progressed the cortex became invaded 
and exhibited slight browning, the epidermis becoming more 
intensely discolored. By the time the fungus reached the vascu-
lar tissues the epidermal and cortical tissues were blackened 
and in many cases softened. In the event that the seed germin-
ated sufficiently to free the cotyledons while still under ground, 
these leaves also became invaded by the fungus. Infection in 
such cases probably took place thru the epidermis, causing ne-
crosis of the external tissues. The fungus probably entered the 
vascular system and killed the seedling before emergence. In 
order to determine this point further a box 20 by 14 by 10 
inches was divided into three equal compartments. One com-
partment was filled with steam sterilized soil, one with lightly 
infested soil and one with heavily infested soil. Fifteen seeds 
previously disinfected for 15 minutes in a 1-1000 solution of 
mercuric chloride were planted in each of the three compart-
ments on January 22, 1927. By January 29 there was a good 
stand in the steam sterilized soil and in the lightly infested soil, 
while only one plant had emerged in the heavily infested soil. 
This plant lived for nearly a month before it suddenly wilted. 
The plants in the lightly infested soil wilted very slowly at the 
rate of about one plant every four or five days. 
Fig. 1 illustrates the effect of seedling rot caused by Fusal'ium 
niveum. Compartment" A" contained steam sterilized soil, and 
the plants in this compartment remained healthy thruout the 
experiment. Compartment "B" contained soil heavily infested 
with F. niveum and only one plant emerged. Examination of 
the balance of the seeds planted in this compartment, 14 in num-
ber, showed that 12 had germinated, but the seedlings had been 
killed by the fungus before they had emerged. The symptom on 
these 12 seedlings was characteristic necrosis of the epidermal 
and cortical tissues. Microscopic examination revealed the pres-
ence of mycelium in the cortical and vascular tissues and F. 
niVetlm WI'S recovered in every case. 
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Fig. 1. Seedling rot. caused by Fusarium niveum. Compartment A-steam steril-
ized soil. B-heavily infested soil and C-Iightly infested soil. 12 of 15 seeds planted 
in compartment B germinated. but the seedlings were killed by the fungus before 
emergence. 
STUNTING 
Stunting was first observed in the field during the summer of 
1926. Many plants growing in naturally infested soil exhibited 
stunting or dwarfing. Such plants appeared unthrifty as tho 
plant food were lacking. Such vines showed no sign of wilting, 
but in many cases F~tsa1'ittm nivenm was recovered from them. 
This led to the suspicion that F. nivewn was capable of inducing 
stunting. A striking case of stunting appeared in the seedling 
rot experiment referred to above (fig. 1) in which plants were 
growing in steam sterilized soil in compartment "A" and in 
Fig. 2. Stunting of watermelon seedlings caused by Fusarium niveum. A-steam 
sterilized soil perfect stand and no wilting. B-artificially infested soil. 34 percent 
stand. and those plants which emerged were stunted. 
351 
lightly infested soil in compartment "C." Stunting was evi-
dent in compartment" C" as soon as the first true leaves formed. 
The true leaves formed earlier in the steam sterilized than in 
the infested soil, the hypocotyl elongated more rapidly and the 
cotyledons attained greater size. Stunting became more pro-
nounced as the plants grew older, being manifested by shortened 
internodes and smaller leaves until after 28 days when the av-
erage length of the vines in steam sterilized soil was 21 centi-
Fig. 3. Damping off, caused by F'u,sarium niveum. A- infected soil, 60 percent 
stand; 40 percent killed by damping off. B- steam sterilized soil, perfect stand, no 
wilting, no stunting and no damping off. 
meters that of the vines in infested soil was only 16 centimeters. 
Orton (11) has shown Fnsal'il£m vasinfectum capable of caus-
ing stunting of cotton plants; Cromwell (3) has shown that 
F. tracheiphilum causes stunting of soybean plants; and Barker 
(1) has shown that F . lini may induce stunting of flax plants. 
Stunting is shown in fig. 2. 
DAMPING-OFF 
The third undescribed symptom of watermelon wilt is damping 
off. It was first observed in an experiment in which watermelon 
seedlings were growing in soil which had been taken from areas 
in the field at Conesville where all the plants had wilted. Where 
damping off occurred the hypocotyl first became water soaked at 
the ground line, following which the epidermal and cortical 
tissues became invaded and weakened sufficiently to cause the 
plant to fall over. When this symptom first appeared it was 
thought not to be due to Fnsa1'inm nivel£m, but this was the only 
organism recovered from seedlings so infected. 
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In order to determine further whether or not Fusa1'i~tm ni-
veum would induce damping off of watermelon seedlings, steam 
sterilized soil was infested with a culture of the organism grow-
ing on sterile oats. The inoculum was used at the rate of 10 
grams to each 5-inch pot of soil. Seeds of the variety Halbert 
Honey were disinfected for 15 minutes in a 1-1000 solution of 
mercuric chloride, washed twice in sterile distilled water and 
planted in 10 pots at the rate of 15 seeds per pot. Controls con-
sisted of similar seeds planted in steam sterilized soil. Fig. 3 
represents what had happened after 18 days. The steam steril-
ized soil produced practically a perfect stand, while the infested 
soil produced only nine plants, six of which showed the damping 
off symptom, while three were stunted. This experiment was 
repeated once more with practically identical results. 
It has not been definitely determined where infection takes 
place in order to induce damping off. Possibly it takes place 
thru the roots, causing necrosis of the tissues at the ground line. 
The other possibility is that infection takes place thru the epi-
dermis at the soil surface, causing necrosis of the epidermal and 
cortical tissues and causing the plant to fall over. Rosen (17) 
has shown that Fusa1'iwnt vasinfectu1n may cause damping off 
of cotton seedlings, while Barker (1) found that F. lini would 
induce damping off symptoms on flax plants. 
WlIIrING 
The fourth symptom on seedlings is the one first described 
by Smith (21). He states: "The gross symptoms are those of 
a plant transpiring freely and insufficiently supplied with water, 
Fig. 4. Seedling wilt. caused by Fusarium nivetnn. A-steam sterilized soil, no 
wilting, damping off, stunting or seedling rot. B- infested soil. 70 percent s tand; 
every plant showing symptoms of seedling wilt. 
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altho at the same time there is an abundance of moisture in the 
soiL" This symptom is first manifested by drooping and flac-
cidity of the cotyledons. Simultaneously with the appearance 
of these two symptoms the cotyledons gradually lose their dark 
green color and become pale green with a faint tinge of yellow. 
Soon these leayes droop and wither. Often, however, the hypo-
cotyl may remain turgid for several days after wilting of the 
cotyledons. This symptom is shown in fig . 4. During early 
June, 1927, this wilting symptom was observed in the field at 
Conesville and Muscatine. Counts on 600 plants on June 3 
showed less than 1 percent wilt, while on June 14, counts on 
1100 plants showed 4 percent wilt. A decided rise in tempera-
ture on June 4 and 5 suggests the reason for the sudden increase 
in the rate of wilting. 
SYMPTOMS ON OLDER PLANTS 
The symptoms produced on above ground parts of plants past 
the seedling stage have been yery well described by Smith (18 ) , 
(21), Orton (15 ) and Taubenhaus (23 ) . Little mention is made, 
however, of the symptoms which appear on the roots. 
ROOT CANKERS 
It often happens that apparently healthy root systems are 
found on vines which are entirely wilted. Upon closer examina-
tion, however, necrotic areas may almost always be found on 
some portion of the root system. Lesions may occur at any point 
on any of the roots down to a depth of 3 feet, being found quite 
often at a point where a root has sent out a branch. The ne-
crotic area is first water logged, then turns yellow, brown or even 
black in later stages. The discoloration may extend for only a 
short distance along a root or it may extend a foot or more. 
Often several secondary or tertiary roots show visible infection, 
but more often only one very short rootlet is found infected 
even tho the vines are entirely wilted. The writer (16 ) called 
attention to the symptoms on the roots in an earlier publication. 
FOLIAGE WILTING 
The vine may wilt suddenly and die, or it may begin to 
wilt during the heat of the day and recover over night. Alter-
nate wilting and recovery may be repeated for several days be-
fore the plant dies. 
METHODS OF INFEC1'lON 
The methods by which Fusarium niveum gains entrance to the 
host are not well understood. Smith (21 ) merely states that the 
fungus enters the plant thru the underground parts, while Orton 
(15 ) states that it enters thru the small roots. It is not definitely 
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known how infection takes place, altho circumstantial evidence 
indicates that the fungus enters chiefly thru the roots. 
SOIL INFESTATION 
Infection of watermelon seedlings by FUSa1"ium nivenm may 
be obtained in many ways, the most common of which is thru 
the use of infested soil. Soil may be artificially infested by mix-
ing soil and culture of F. niveum, or by applying the culture 
either below or at the soil surface. The inoculum may be sup-
plied in the form of spore suspensions, a'gar cultures or giant 
cultures of the organism growing on sterilized oats. The results 
of artificial soil infestation are shown in figs. 1, 2, 3 and 4. 
HYPODERMIC INOCULATIONS 
Hypodermic inoculations with a heavy spore suspension of 
Fusarium niveum are effective in inducing infection. Typical 
wilt symptoms follow such inoculations. Seedlings grown for 
two weeks in sterile soil were injected with 3 cc. of a heavy 
spore suspension of F. niVetlm on December 3, 1926. Inocu-
lations were made in the hypocotyl above and below the soil 
surface and about two centimeters back of the growing tip. 
Controls consisted of like inoculations with sterile distilled water. 
After 30 days, 66 percent of the hypodermic inoculations in the 
hypocotyl had caused wilting', while 36 percent of the growing 
tip inoculations had produced positive results. All the controls 
remained healthy. 
THRU WOUNDS 
Infection occurs very slowly and very seldom when the above 
ground parts of seedlings or of plants past the seedling stage 
. are injured and mycelium and spores of the organism inserted 
in the wound. Wounding of underground parts either of seed-
lings or of older plants in the field often facilitates infection. 
HYPOCOTYL INFECTION 
Infection may occur naturally thru the hypocotyl. This was 
demonstrated by many experiments like the following: water-
melon seeds were disinfected for 10 minutes in a 1-1000 solution 
of mercuric chloride; then washed three times and soaked over 
night in sterile distilled water; and planted in sterile soil in 
5-inch greenhouse pots. These pots were watered with sterile 
distilled water and the plants allowed to grow until they were 
approximately 5-inches high. At the end of this time the top 
inch of soil was removed from each pot and glass tubes with an 
inside diameter of one-quarter inch were inserted into the soil. 
This precaution made it possible to irrigate the root systems by 
pouring water down the glass tube. A mixture of 8 parts of 
parowax to 1 part of beeswax, melted together and cooled to a 
temperature of 52°C., was poured over the soil until a layer 
about V2-inch thick was formed. A layer of artificially infested 
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soil was then placed on top of the hardened wax. 'l'he infested 
soil also was watered with sterile distilled water. Controls were 
made as above outlined except that steam sterilized soil was sub-
stituted for infested soil. 
From a total of 63 plants growing in 15 pots and comprising 
three identical sets of experiments, 48 had wilted in 30 days 
after soil infestation. Infection, then, probably does not always 
take place thru the roots. 
ROOT HAIRS 
Infection probably takes place thru the root hairs before sec-
ondary roots form. This was evident from an experiment in 
which watermelon seeds, previously disinfected in a 1-1000 solu-
tion of mercuric chloride for 10 minutes, were sprouted under 
sterile conditions. Following this, with the appearance of the 
first root hairs, the seedlings were immersed in a spore suspen-
sion of Fusarium niveum for a few minutes and then removed 
to sterile moist chambers. They were then incubated at 30°C. 
for 48 hours. Following this they were disinfected for periods 
ranging from 1 to 5 minutes in a 1-1000 solution of mercuric 
chloride and planted in steam sterilized soil in greenhouse pots. 
The working hypothesis in this experiment was that root hair 
infection and subsequent vascular penetration probably took 
place rather promptly after exposure of the root hairs to infec· 
tion. This being the case, disinfection of such exposed seedlings 
in mercuric chloride would kill any spores still remaining on the 
exterior. Then, if plants so treated would later wilt when grown 
in steam sterilized soil, it would be evident that penetration of 
the root hairs and subsequent tissue invasion by the organism 
had probably occurred. The uncertainty connected with an ex-
periment of this kind lies in the possible ineffectiveness of mer-
curic chloride which might not kill all the spores on the exterior 
of the exposed seedling. If such were the case, root hair infec-
tion would not be proved by this type of experiment. 
One hundred percent of the plants produced by seedlings ex-
posed to a spore suspension, in the manner just described, wilted 
after 28 days. Where the see dings were disinfected for 1 minute 
following exposure to infection, 80 percent of the plants wilted 
after 28 days. Using a 2 minute disinfection, 100 percent wilt 
appeared, while 4 and 5 minute disinfections failed to prevent 
the appearance of seedling wilt; 75 percent of the plants pro-
duced by seedlings so treated wilted after 28 days. 
\Vhile this evidence alone is not sufficiently complete to prove 
that root hair infection takes place, such evidence is supported 
by the' fact that the mycelium of Fusa~'ium niveum has been ob-
served in root hairs of watermelon seedlings growing in infested 
soil and in the root hairs of seedlings exposed to a spore suspen-
sion of the organism. Since all the experiments with surface dis-
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infected seedlings previously exposed to a spore suspension of 
the organism produced practically identical results, and since 
the fungus has been observed microscopically in root hairs of 
seedlings, root hair penetration is a likely method of infection. 
PREVALENCE OF PATHOGEN IN DIFFERENT PARTS 
OF THE PLANT 
During the course of these investigations hundreds of isola-
tions were made from all parts of wilting and healthy appearing 
watermelon plants. The great majority of the fungus colonies 
proved to be Fusaria, but in order to make sure that Fusarium 
nivetl1n was being constantly recovered it was deemed advisable 
to determine whether or not these cultures were pathogenic to 
watermelons. Accordingly representative cultures were selected 
from time to time, purified, tubed and brought to the laboratory 
at Iowa State College for pathogenicity trials. These trials were 
conducted by mixing one tube culture of the organism with the 
upper 2 inches of sterile soil in 5-inch greenhouse pots. 
TABLE 1. PATHOGENICITY OF CULTURES ISOLATED FROM ALL PARTS OF 
MELON PLANTS 
I I I No. I Culture Sow'ce I No. I plants Percent 
__ ~.N_o_. __ I, ________________________________ ~I~pl=a~n~ts~l~w~il~~=d~l~w~i1~t_ 
I I 
1 
3 
4 
10 
11 
12 
13a 
13b 
13c 
13d 
13e 
13f 
13g 
13h 
13k 
131 
13m 
13n 
13p 
13q 
13r 
14a 
14b 
14c 
14d 
14e 
14f 
14g 
14h 
15a 
15b 
15c 
15d 
15e 
15f 
16 
Check 
I Wilted runner of the preserving citron \ 
I S~m of wilting plant ;. I Isolated by O. H. Elmer at Oskaloosa in 1925 I Badly rotted secondary root ,. I 
I Healthy appearing Conqueror stem. I 
I Badly rot~d secondary root I 
t Me!~m pe~icels II 
I " .. 
I I 
\ I 
I i 
I I 
I I 
I I 
\ Melon flesh II 
I " " 
I I 
I ,. i 
I I 
I Melon seeds I I" " . 
I 1.\ 
\ II 
I Stem of dead plant 
I I 
9 
8 
10 
10 
8 
9 
5 
7 
9 
7 
9 
6 
4 
7 
7 
9 
4 
7 
7 
3 
6 
10 
7 
7 
2 
8 
3 
6 
4 
6 
8 
8 
7 
6 
7 
10 
86 
8 
8 
10 
10 
8 
. 9 
4 
7 
9 
7 
9 
6 
4 
7 
7 
9 
4 
4 
4 
3 
6 
10 
7 
7 
2 
5 
3 
6 
4 
6 
8 
8 
7 
6 
2 
10 
o 
77 
100 
100 
100 
100 
100 
80 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
57 
57 
o 
43 
100 
100 
100 
100 
40 
100 
100 
100 
100 
100 
100 
100 
100 
28 
100 
o 
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Seeds of the Tom Watson variety were disinfected, washed, 
soaked over night and planted at the rate of 10 seeds per pot. 
Ten pots of steam sterilized soil were held as controls. Daily 
record was made of the emergence and rate of wilting in each 
pot. Table I shows the source of the various cultures used to-
gether with the pathogenicity of each after 45 days. 
The data in table I show that, with one exception, ali of the 
cultures tested proved pathogenic to watermelon seedlings. There 
was a marked difference in the time necessary for the various 
cultures to cause all of the plants to wilt. Culture No. 14f killed 
all the plants in 18 days, followed by Nos. 13h and 15a, both of 
which required 19 days. Most of the remaining cultures killed 
all the plants within 30 to 35 days, while a few required 45 
days. Only one culture, No. 13p, failed to cause wilting. 
Special attention should be called to the pathogenicity of cul-
• ture No. 11. This was isolated from a runner of what appeared 
to be a perfectly normal, healthy Conqueror plant. Microscopic 
examination had revealed the presence of a fungus in the xylem 
vessels of many healthy appearing stems and roots, and many 
isolations from such were made. Fusaria appeared on the plates 
about half of the time and No. 11 was considered a typical cul-
ture from healthy plants. That a healthy appearing plant may 
harbor the fungus in its vascular system is proved by the patho-
genicity of this culture. The plant from which culture No. 11 
was isolated lived for nearly three weeks following the isolation 
until it was killed by anthracnose late in the season. 
Cultures No. 15a to 15f, inclusive, were representative cul-
tures obtained from the seeds of melons attached to wilting vines. 
Extreme care was exercised in making these isolations, and Fu-
swrium niveum was obtained from seeds about 8 percent of the 
time. Over 1,300 seeds were plated out. Much of the literature 
indicates that watermelon wilt is seed borne, Fulton (7) havingt 
found such to be the case, and these results substantiate his find-
ings. This fact will be discussed more fully later. 
SPREAD IN HOST AND 'l'ISSUES INVADED 
After some of the methods of host penetration by Fusarium 
niveum were determined, a study was undertaken of the tissues 
attacked and the rate of spread of the fungus after gaining en-
trance. F. nivettm has been generally considered a vascular or-
ganism altho Smith (21) found that after plugging the water 
ducts the organism migrated into the parenchyma. Taubenhaus 
(23) states that the organism is confined to the vascular cylinder 
of all parts of the plant, the fruit apparently being an exception. 
The present investigations confirm those of Smith (21) who, in 
addition to finding the organism in the vascular system, found it 
in the parenchyma. During these investigations the fungus has 
been observed in the phloem, xylem, cortex and root hairs. It 
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has been isolated from the primary, secondary and tertiary roots, 
and from stems, leaves, pedicels, melon flesh and seeds. In ad-
dition it has been observed in the water ducts of healthy ap-
pearing runners and has been isolated from the roots and run-
ners of healthy appearing plants. 
In making a study of the symptoms of watermelon wilt on the 
roots, it was found necessary to remove the root system from 
the soil in order to determine the point or points of infection. 
Plants exhibiting all stages of wilt were examined. Some had 
been dead a day or more, some had only one wilted runner, some 
were showing the very first signs of wilt, while others appeared 
normal and healthy. Many different varieties were examined, 
including Kleckley Sweet, Tom Watson, Halbert Honey, Irish 
Gray, Excel, Thurmond Gray, Stone Mountain and Conqueror. 
In addition, isolations were made from vines of the preserving 
citron. The root systems of more than 200 plants were examined • 
during the summer of 1926. The method of removal was some-
what as follows, varying in some cases to meet certain needs. 
A circular trench, about 8 inches wide and 2 feet deep, was 
dug around the plant to be studied. The ball of earth holding 
the root system was then loosened and the soil shaken off. It 
was never possible to secure the entire root system in this man-
ner. Some of the smaller side roots always broke off, but since 
the soil was very loose and fine it was not difficult to get most 
of the roots. Record was kept of the above ground symptoms in 
each case and in the event that only a few runners were wilted, 
record was made to show the relation of these runners to necrotic 
areas on the root system. 
These root systems were taken into the laboratory and rough 
sketches made indicating, when possible, the lesions found fol-
lowing the invasion of the fungus. After being disinfected for 
5 minutes in a 1-1000 solution of mercuric chloride, followed 
by a series of washings in sterile water, isolations were made 
from all parts of the root system and many of the above ground 
parts of the plants. Platings were made on acidified potato 
dextrose agar, and readings made after two or three days. 
Table II shows that in every case where above ground wilting 
occurred the primary root yielded the organism. This is in-
dicative of infection of below ground parts in the majority of 
cases. It is also evident that if only one side of a plant is dead, 
the healthy appearing portion is harboring the organism about 
84 percent of the time. Further, it is shown that plants which 
appear perfectly normal and healthy, showing none of the-
symptoms of wilt, often have necrotic areas on their roots and 
are also harboring the organism in the above ground tissues. 
Tims (24) states that healthy appearing cabbage seedlings grow-
ing in soil infested with Fusm'ium conglutinans may harbor the 
organism until such time as conditions make it possible for the 
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fungus to overcome the host. Edgerton (4) states that healthy 
appearing tomato plants growing in soil infested with F. lyco-
p(31'sici may be harboring this organism. Cromwell (3) found 
F. tmcheiphilton in healthy appearing soybean plants. My-
celium and microconidia of what appeared to be F. niveum have 
been found microscopically in the vascular tissues of healthy ap-
pearing watermelon plants. Isolation, inoculation and re-iso-
lation have shown that the Conqueror strain, altho quite resist-
ant to wilt under Iowa conditions, may harbor F. niveum in 
healthy appearing plants. 
It is also evident from table II that all root lesions yielded 
Fusa1'ium nivetolt and that where any root necrosis occurred the 
primary root, altho showing no outward evidence of disease, was 
harboring the organism. The organism has been recovered from 
roots growing at a depth of 3 feet in the soil. In such cases, 
however, root lesions were usually evident nearer the soil sur-
face. It does not necessarily follow that the fungus gained en-
trance to the root 3 feet below the soil surface, but the evidence 
suggests that once the fungus gains entrance it may rapidly 
permeate the vascular system of the root. 
Taubenhaus (23) reports the isolation of Fusarium niveum 
from the soil 48 inches below the surface, but, as will be shown 
TABLE II. PRESENCE OF FUSARIUM NIVEUM IN WATERMELON PLANTS 
SHOWING DIFFERENT EXTERNAL SYMPTOMS 
Result of isolations 
hant I Symptoms Roots I Stems 
Primary I Secondary Tertiary I 
1 I 3 wilted runners-others healthY l1 • II II 0 II • 
2 Entire plant wilted I ' I • I • 
3 I Half of runners wilted \ • I I ' I • 
4 , First symptoms of wilt • I 1 I ' 
5 First symptoms of wilt I : 11 • I 
6 I Half of runners wilted • I • 
7 I Only one runner alive • I ' I ' 
8 I Half of runners dead , • I I I 
9 l One runner wilted . , I ' I I 
10 One runner starting to wilt I ' • I 
11 I Half of runners wilted I • 1 • 1 
12 Half of runners wilted I · I I i ~ 1 
13 I Healthy appearing plant • I I I ' I 
14 I Plant dead and runners brittle * I • I \ . I 
15 I Stunted, healthy appearing plant • I I 0 • I 
16 I 3 runners wilted-others healthy I • I I ' I • I 
17 I Half of runners wilting I ' I 1 I I 
18 Runner,~ wilted and brittle , . • I 1 
19 I All runners wilting * i l ' • I 
20 I All runners wilting , • I • 1 • I • I 
21 I Only one runner wilted • I II 0 I I 
22 Only one runner wilted I • • I 
24 lOne runner partially wilted I I \ I I 
·Indicates that the fungus was isolated. 
°Indicates failure to isolate the fungus. 
I I I 
I I ' I 
: I 1,1 i : 
I ' I ' I I ' I • 
• \ • I ~ \ 
I I ' I • 
I I ' I • 
I
I : \ : , 
I • I 
• I • I I ' o I I ' I 
o II I ' I • 
o I ' I • 
• I • I I ' ~ I • I ! 
o I I I ' 
I I ' I • 
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TABLE III. PRESENCE OF FUSARIUM NIVEUM IN ALL PARTS OF 
WATERMELON PLANTS 
Source 
Wilting Plant. 1 
. Crown ................. .. . .............. 1 
Tips of runners . ___ . ____ .. __ ..... .. __ ... __ ....... . ..... [ 
Primary roots .. ·· ..... 1 
Secondary roots ............... ..... . ........ . ........ 1 
Tertiary roots ....... . ... .................... . ............. 1 
Melon flesh .... .................... ........... .. ......... .. .... 1 
~~~n n~:i~~~w~··~~ ~ ·~· .. _ ... __ ... __ .... _ .... :._-_ ............... :::::::::::1 
Melon seeds .......... .......... ........... .. ........... 1 
Healthy Plant. 1 
Stem near crown .... . . .......................... __ ......... __ ..... . ·1 
Tips of runners ._ . ______________ .. _____ ... [ 
1 
1 1 
1 No. of platings 1 
243 
. '447 
576 
1,012 
664 
205 
481 
335 
1,318 
136 
235 
Percent 
Fusarium 
84 
96 
69 
81 
42 
51 
91 
86 
8 
34 
24 
later, this organism is a strict aerobe. Hence, it is doubtful if 
the organism could live at the extreme depth from which Tauben-
haus reports its isolation. The author has never found lesions 
at such a depth in the soil, altho the organism has been isolated 
from roots 3 feet below the soil surface. 
Another )nteresting case is the following : Quite commonly a 
runner is found which is healthy from the crown of the plant 
outward for a distance of 2 or 3 feet, but which shows symp-
toms of wilt at its tip. In such cases it has been found that the 
runner has taken root and that these new roots have become 
infected. This infection is responsible for the wilting of the 
runner outward, while the portion between the new roots and 
the crown remains healthy, since it is nourished by the main 
root system of the plant. 
The results obtained from isolations from 231 plants from 
July 10 to September 1, 1926, together with the source of the 
isolations are shown in table III. 
EVIDENCE THAT WATERMELON WILT IS SEED BORNE 
Record is made here of successful attempts to isolate Fusari1t'1n 
niveum from the melon flesh and seeds. That watermelon wilt 
is seed borne is the belief of many growers at Conesville and 
Muscatine who claim that the fungus came in on seed. 
Edgerton (4) found that spores of Fusa1'ium lycopersici would 
remain viable on the surface of tomato seeds for about three 
months. It remained for Elliott (5), however, to show that 
tomato seed naturally infested with F. lycopersici would carry 
the disease from field to field. Elliott (6) also showed that the 
cotton wilt fungus, F. vasinjectum, was seed borne. Stokdyk 
(22) reported unsuccessful attempts to isolate F . conglutinans 
from cabbage seed, and Fulton (7) found that watermelon wilt 
was spread by wilt infested seed. 
Since the watermelon wilt organism is found on melon pedicels 
and in melon flesh so commonly, and since seed is often ex-
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tracted by machinery from melons grown in wilt infested fields, 
it is not unreasonable to suppose that the organism might be 
seed borne. Gardner (8 ) has shown in the case of cucumber an-
thracnose that the seed coat is covered with cellulose rods or 
hairs, which, upon drying, become closely appressed to the seed 
and protect the spores of the organism. Some of these hairs are 
also present on watermelon seeds. In view of the work of Man-
eval (9 ) , who found that FltSarillm niveum would remain viable 
for eight years in a test tube, it may be found that watermelon 
wilt will survive on the seed for some time. 
During the past eight months considerable evidence has hecn 
accumulated to show that Fusarium. nivettm is often present on 
watermelon seeds. The first evidence of this was obtained by 
isolating the organism from the seeds of melons attached to wilt-
ing vines. The organism was recovered from about 8 percent 
of the seeds plated. 
Following this point further, seeds of several varieties of 
watermelons were obtained from three seed companies, one each 
in Texas, Florida and Georgia. In order to determine whether or 
not these seeds were carrying Fusa1'ittm niveum two sets of ex-
periments were outlined. In one set attempts were made to iso-
late the organism directly from the seeds by the poured plate 
method. In the second set, the seeds were planted in steam 
sterilized soil. 
On January 14, 22 5-inch pots were filled with steam sterilized 
soil and seeds of 10 varieties of watermelons secured from three 
seed companies and one grower were planted. (See Table IV. ) 
The data in table IV add more evidence to the belief that 
watermelon wilt is seed borne. These data show that the organ-
ism was probably present on at least 9 of the 264 seeds planted. 
TABLE IV. SHOWING THE PREVALENCE OF F USARIUM NIVEUM ON 
WATERMELON SEEDS FROM VARIOUS SOURCES 
I I Variety Source Total plants t Plants wilted Percent wilt 
I . I 
Augusta Rattlesnake I Georgia 11 I 0 0 Irish Gray I Georgia 12 1 8 
Irish Gray I Florida 14 I 0 0 
Irish Gray I Texas 9 I 0 0 
Watson I Georgia 11 I 0 0 Watson Florida 15 I 0 0 
Watson Texas 14 I 0 0 
Stone Mountain Georgia 9 I 1 11 
Halbert Honey I Georgia 16 I 3 14 
Halbert Honey I Texas 8 I 1 12 
Kleckley Sweet I Georgia 11 I 0 0 
Kleckley Sweet I Florida 10 I 0 0 
Kleckley Sweet I Texas 18 I 1 5 
Florida Favorite I Georgia 11 I 0 0 
Florida Favorite I Florida 9 I 0 0 
Florida Favorite I Texas 16 I 0 0 
Thurmond Grey I Georgia l R I 2 11 
Georgia Rattlesnake I Florida 15 I 0 0 
Kleckley Sweet I Iowa Grower 33 I 0 0 
I 
Total 264 I 9 3.4 
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These seeds came from one seed company in each of three states 
and from one grower in Iowa. 
To determine further the relation of Fusarium niveu?11, to 
watermelon seeds from various seed companies, isolations were 
made by planting the seeds on poured plates of potato dextrose 
agar. In most cases such organisms as Aspergillus, Penicillium, 
Rhizopus, Mucor and Alternaria almost completely covered the 
plates in three or four days, but in a few cases a Fusarium was 
isolated which proved pathogenic to watermelon seedlings. 
In 1926 wilt appeared in two hills of watermelons in a field 
that was reported to have been in sod for at least 15 years. It 
was broken up and planted to corn in 1925 and to watermelons 
in 1926. The grower stated that this field had never been planted 
to watermelons. These two hills were widely separated, and a 
Fusarium species recovered from them proved pathogenic to 
watermelon seedlings. The seed which had been used to plant 
this field in 1926 had not been treated. This is more evidence 
that the disease is seed borne, altho possibly the organism may 
have been carried in by the wind. 
LONGEVITY OF FUSARIUM NIVEUM IN THE SOIL 
Mention should be made of the longevity of Fttsa,l·ittm nivemn 
in the soil. In late July, 1926, the writer was called tp inspect a 
60-acre field of watermelons on Muscatine Island. According to 
the grower this field had -produced its last crop of watermelons 
in 1910, a slight amoJlnt 'of wilt having been observed that year. 
The grower had thought it best not to plant this field to water-
melons for the next few years, and finally the field had become 
overgrown with weeds, no cultivated crop of any kind having 
been grown during the 16 years from 1910 to 1926. A group of 
growers planted this field to watermelons in 1926, thinking they 
would not be troubled with wilt. At the time of the writer's 
first visit to this field, late in July, wilt was just beginning to 
appear. On a second visit, about August 15, it was found that 
about 50 percent of the plants were partially or wholly infected. 
It would appear that F. nivemn can live for at least 16 years in 
the soil in the absence of watermelon plants. 
PHYSICAL FACTORS IN RELATION TO INFECTION 
RELATION OF TEMPERATURE TO MYCELIAL GROWTH 
Preliminary tests with Fttsarium nivettm growing on potato 
dextrose agar indicated that it grew best at fairly high tempera-
tures. To determine further this point, two liters of Richard 's 
solution containing 3 percent agar were made up and divided 
equally among 10 500 cc. Erlenmeyer flasks, after which the 
medium was sterilized for 20 minutes at 15 pounds pressure. 
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Eighty plates were poured on " 6 
February 9, 1926, and after in- ~ 7 
oculation with uniform quanti- ~ 
ties of mycelium of F. niveurn, §6 
10 plates were distributed to !OJ 
incubators ranging in tcmpera-
ture from 8°C. to 40°C. Read-
ing's were taken at the end of 
three, five and seven days by 
measuring the diameter of each 
colony in centimeters, with the 
results which appeal' in table V. 
Under the conditions of the ex-
periment the optimum tempera-
f Fig. 5. Graphic representation of the ture or the growth of lhtsal'ittrn relation of temperature to rate of my-
nivettrn lies between 24°C. and celial growth of Fusarium nive"m. 
32°C. Growth is very slow at 
12°C., the minimum lying between 8°C. and 12°C. Growth is 
also slow at 35 °C. The maximum was not determined, but it is 
not much above 35 °C. See Figs. 5 and 6. 
RELA'l'ION OF OXYGEN TO MYCELIAL GROWTH 
Not only is the influence of temperature on the development 
of Fusariurn nivettm important, but also the relation of dimin-
ished oxygen supply. To determine this relation 25 potato dex-
trose agar slants were inoculated with F. niveum. The oxygen 
was removed from 20 of these by the action of pyrogallic acid 
and sodium hydroxide, while the remaining five were allowed to 
grow normally. At the end of five days no growth occurred in 
the oxygen-free air, while profuse development was evident in 
the controls. At this time oxygen was permitted to enter 5 of 
the 20 tubes and at the end of five more days good growth was 
evident. The remaining 15 in oxygen-free air had made no 
growth. At this time, 10 days after inoculation, oxygen was 
admitted to five tubes and in five days good growth was again 
evident. In like manner at the end of 15 and 20 days respective-
ly, oxygen was admitted to five tubes and in every case good 
TABLE V. RELATION OF TEMPERATURE TO RATE OF MYCELIAL GROWTH 
OF FUSARIUM NIVEUM 
Degrees C. 
8 
12 
15 
20 
24-28 
30 
35 
40 
Three days 
o 
o 
Trace 
1.6 
2. 1 
4.0 
Trace 
o 
Mycelial srrowth in ce1ttim ~ ters 
Five days 
o 
Trace 
1.6 
3.8 
5.5 
5.2 
Trace 
o 
Seven days 
o 
Trace 
2.3 
5.0 
7.7 
7.8 
Trace 
o 
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Fig. 6. The relation of temperature to the rate of mycelial growth of Fusarium .. 
nivewn. A- SoC, B- 12°C, C- 15°C, D-20oC, E-24-2SoC, F- 30°C, G---35 ° C, 
H-40oC. 
growth was evident within five days after the admission of oxy-
gen. How long the fungus will remain alive in oxygen-free air 
has not been determined, but it may be classified as an aerobe. 
RELATION OF HYDROGEN-ION CONCENTRATION TO MYCELIAL 
GROWTH 
Since watermelon wilt occurs in different soil types it seemed 
advisable to determine the acidity and alkalinity range for the 
growth of the fungus. Accordingly, on January 19, 1927, two 
liters of Richard's solution containing 5 percent agar, were made 
up. Two hundred cubic centimeters of this medium were placed 
in each of 10 500 cc. Erlenmeyer flasks and sterilized for 15 
minutes at 20 pounds pressure. 
After these media were sterilized, cooled and melted, adjust-
ments of the contents of each flask were made by adding sufficient 
quantities of sterile dilute H 2 SO. or of NaOH to bring about 
the desired acidity or alkalinity. Flasks of media were adjusted 
so as to obtain the following hydrogen-ion concentrations: pH 
3.0, 3.3, 3.8, 4.2, 4.6, 5.4, 5.8, 6.8 and 8.4. Ten plates were poured 
from each of these nine flasks and inoculated with a uniform 
quantity of mycelium of Fusm'iurn niveurn. These 90 plates 
were incubated at 30°0. The rate of growth was determined at 
365 
TABLE VI. THE RELATION aF HYDRaGEN-ION caNCENTRATION TO' THE 
RATE aF MYCELIAL GRaWTH O'F FUSARIUM NIVEUM 
Average diameter of colonies in centimeters 
pH Two d3YS Three days Fow" days Five days Six days 
3.0 0 0 0 Trace Trace 
3.3 0 0 Trace 0.4 1.10 
3.8 0 .80 1.61 2.64 3.84 
4.2 0.85 1.85 2.95 4.43 5.66 
4.6 1.66 3.00 4.44 '5.93 7.23 
5.4 2.33 3.85 5.23 6.93 8.00 
5.8 1 55 3.24 4. 57 6.39 7.63 
6.8 1.30 2. 85 4.13 5.57 7.10 
8.4 1.60 3.10 4.00 5.00 5.80 
the end af twa, three, four, five and six days by measuring the 
diameter af each calany. See table VI and Figs. 7 and 8. 
The data in table VI shaw that Fuso,riu1n niveu1n is tolerant 
af a wide range af acids and alkalis. 'fhe fungus may graw at 
pH 3.0, the rate af grawth increasing with a decrease in the 
acidity af the medium. The fungus graws mast rapidly near 
pH 5.4, the rate decreasing slightly at pH 5.8, 6.8 and 8.4. 
These data suggest that the 
hydragen ion cancentratian 
af the sail prabably has little 
effect upan the grawth of 
Fuso,rin1n niVet~1n. Practical-
ly all the sail used far water-
melans in southeast Iawa is 
slightly acid. Whether the 
application af lime to' the 
sail in large quantities would 
tend to' retard the grawth af 
the arganism 0'1' tend to' ren-
der plants more talerant af 
the fungus remains to' be de-
termined. Edgertan (9), 
warking with tamata wilt 
caused by F. lYCOPM'sici, 
.:0 'A ~ 
Fig. 7. Graphic representation of the 
relation of the hydrogen ion concen-
tration to rate of myc·elial growth of 
F'HSaTiu:m niveu1n. 
found that heavy applications of lime wauld retard the appear-
ance af wilt. 
STUDIES OF SEEDLING RESISTANCE 
Ortan (15) states that the Conquerar variety has. praven re-
sistant in many localities of the United States--Oregon, haw ever 
being an exception. The Conqueror is quite resistant under 
Iowa conditions but is undesirable both from the standpoint of 
type and quality. The preserving citron is also wilt resistant 
in Iowa. 
Having learned to recognize the symptoms of watermelon wilt 
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TABLE VII. RELATIVE RESISTANCE TO SEEDLING WILT OF SOME CITRONS 
AND EDIBLE WATERMELONS 
1 Percent of plants wilting 
1 After After 1 After 1 After After 
Parent 1 13 day, 19 days 1 22 days 1 29 days 40 days 
1 1 1 
Preserving citron 
--- ----- ----------1 0 26 1 35 I 60 90 African strain "N' ___ ______ _____________ I 0 0 1 0 0 5 
African strain "B" ________ ______________ I 0 0 1 0 1 0 5 
African strain "C" ______________ ________ I 0 11 1 33 1 44 55 
African strain "D" __ .. ___ ________ ____ ___ I 0 12 1 19 1 29 53 
African strain "E" _________ _____ ____ __ __ I 0 7 1 7 1 22 32 
Stone Mountain 
-------- - - -- ---------- 1 12 17 1 50 I SO 95 Control (Sterile soil) ________________ 1 0 0 1 0 0 0 
1 1 1 
in the seedling stage, it was thought advisable to test the relative 
resistance of the hybrids resulting from crosses made in 1925 and 
1926 and to test the relative seedling resistance of the various 
citrons, the Conqueror strain and some commercial varieties of 
watermelons. Seed of the livestock citron, preserving citron and 
several of the South African citrons was available, as well as 
seed of 33 hybrids resulting from crosses between citrons and 
edible watermelons. 
Accordingly, on January 7 a series of 54 5-inch greenhouse 
pots were filled with sterile soil and infested with a small quan-
tity of a giant. culture of Ft~Sa1'iton niveum growing on sterile 
oats. Seed of the preserving citron and South African citron 
was disinfected for 15 minutes in a 1-1000 solution of mercuric 
chloride, washed twice in sterile distilled water, soaked 20 hours 
in sterile water and planted at the rate of 10 seeds pel' pot. Six 
pots were planted with seed of seven different citrons in addition 
to six pots of Conqueror and six of Stone Mountain, a commercial 
Fig. 8. The relation of hydrogen ion concentration to rate of mycelial growth of 
Fusarium niveU1n. A- pH 3.3; B- 3.S ; C- 4. 2; D- 4.6; E - 5.4; F - 5.S ; G-6.S; 
H-S.4. 
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susceptible variety. Data were taken on the time of emergence 
and the rate of wilting from 6 to 40 days. (See table VII.) 
The data in table VII suggest 
that the relative resistance of 
varieties may be measured in the 
seedling stage, provided read-
ings on the percent of plants 
wilting are taken before the 
plants are 30 days old. At the 
end of 13 days Stone Mountain 
was the only variety :which was 
wilting. At the end of 22 days 
50 percent of the Stone Mountain 
plants were wilted, while the re-
sistant varieties averaged only 
16 percent wilt. After 29 days 
80 percent of the Stone Moun-
tain plants were wilted while the 
resistant varieties averaged only 
22 percent. After 40 days, how-
ever, as many plants of the pre-
serving citron had died as of the 
Stone Mountain. This suggests 
that varieties highly resistant 
under field conditions will 
Fig. 9. Seedling resistance of 
African 1 B-1, one of two strains re-
sistant to seedling wilt. These plants 
are growing in heavily infested soil. 
They lived, bloomed and formed small 
melons under these condition s. 
finally, upon being subjected to conditions favoring the develop-
mem of the pathogen, succumb in the seedling stage to the same 
degree as susceptible sorts. 
Mention should be made, however, of African strains "A" 
and" B. " African strain " A " showed no infection during the 
first 29 days, while African" B" showed none for 22 days. After 
40 days these strains showed only 5 percent infection, while the 
preserving citron and Stone Mountain showed 90 and 95, re-
spectively. Many of the plants of African strains " A" and 
"B" bloomed and formed fruit while still growing in the pots. 
Fig. 9 shows African" A " after 58 days exposure to infection. 
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